Introduction
============

Lithocholic acid (LCA) has been observed to kill rat glioma cells, which implies that it has an antitumor effect via mitochondrial outer membrane permeabilization (MOMP) ([@b1-ijmm-41-06-3195]). However, the exact anti-glioma mechanism of LCA is at present unclear. MOMP brings about the release of cytochrome c from the mitochondrial intermembrane space into the cytosol ([@b2-ijmm-41-06-3195]--[@b4-ijmm-41-06-3195]), which indicates that MOMP is closely related to the function of the mitochondrial inner membrane. The presence of reactive oxygen species (ROS) can lead to severe damage to cellular structures and their functions followed by cell death. Proton leak, likely induced by lipid peroxidation, and backed into the matrix of the mitochondria ([@b5-ijmm-41-06-3195]), and limited production of ROS ([@b6-ijmm-41-06-3195]) results in the uncoupling of oxidative phosphorylation. Uncoupling is brought about via the leak of protons through downstream lipid peroxidation products other than ATP synthase ([@b7-ijmm-41-06-3195],[@b8-ijmm-41-06-3195]). Lipid peroxidation by ROS causes free radical reactions resulting in various aldehyde products, including trans-4-hydroxynonenal (4-HNE). 4-HNE is a toxic by-product of free radical damage ([@b9-ijmm-41-06-3195]) and is also a cell mediator acting as a signaling molecule. Lipid peroxidation products and ROS are very active in DNA binding and usually cause mutations that trigger oncogenesis ([@b10-ijmm-41-06-3195]).

The thiobarbituric acid (TBA) test was used to assay lipid peroxidation ([@b11-ijmm-41-06-3195]), but with other studies were different, focused on the effects of LCA on glioma mitochondria. H~2~O~2~ was chosen as the inducer of lipid peroxidation in this model and changes in UV peaks caused by reactions between TBA and biologically active α,β-unsaturated aldehydes ([@b12-ijmm-41-06-3195]) were used as indicators of reaction. The effects of LCA on UV peaks was investigated using a model of lipid peroxidation in mitochondria induced by H~2~O~2~. Changes in UV peaks corresponded to a variety of aldehydes as follows. 4-HNE ([@b13-ijmm-41-06-3195]), a major peak at 530 nm and shoulder peaks at 495 and 450 nm; trans, trans-muconaldehyde ([@b14-ijmm-41-06-3195]), a major peak at 495 nm and shoulder peaks at 460 and 530 nm; trans, trans-2,4-nonadienal, which is a dehydration product of 4-HNE, a major peak at 532 nm and shoulder peaks at 450 and 495 nm; acrolein ([@b15-ijmm-41-06-3195]), a major peak at 495 nm and shoulder peaks at 460 and 530 nm; crotonaldehyde ([@b16-ijmm-41-06-3195]), a major peak at 495 nm and shoulder peaks at 460 and 530 nm; malondialdehyde (MDA) ([@b17-ijmm-41-06-3195]), a major peak at 532 nm and a shoulder peak at 495 nm; no peaks from propionaldehyde ([@b18-ijmm-41-06-3195]) were observed under any experimental conditions.

Although MDA is not a specific indicator to detect tumors, the presence of biologically active α,β-unsaturated aldehydes ([@b19-ijmm-41-06-3195]) can be used to detect glioma, especially in mitochondria. In the present study, mitochondria were used to evaluate the correlation between LCA and observed changes in the UV spectrum at 495, 532 and 450 nm. The purpose of the study was to explore the anti-glioma mechanism of LCA on mitochondria.

Materials and methods
=====================

Materials
---------

The reagents potassium chloride (KCl), 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), magnesium chloride hexahydrate (MgCl~2~), ethylene diamine tetraacetic acid (EDTA), albumin from bovine serum (BSA), sodium chloride (NaCl), ferrous chloride (FeCl~2~), 2-thiobarbituric acid (TBA), glacial acetic acid,1,1,3,3-tetramethoxypropane, trichloroacetic acid (TCA), butylated hydroxytoluene (BHT) were all of analytical grade; 30% hydrogen peroxide (H~2~O~2~) and lithocholic acid were obtained from Aladdin Industrial Corporation, Shanghai, China. Glioma mitochondria were obtained from glioma (Department of Neurosurgery, First Hospital of Jilin University). Mitochondrial extraction was performed on a Beckman Coulter Avanti J-26XPI. UV detection was performed on a 2550 UV-visible spectrophotometer (Beckman Coulter, Tokyo, Japan) and a PharmaSpec UV-1700 UV-Visible spectrophotometer (Shimadzu Corp., Tokyo, Japan). The pH detection used a PB-10pH/ATC electrode (Sartorius, Göttingen, Germany). Samples were treated with a 3K15 desktop high-speed refrigerated centrifuge (Sigma, Steinheim, Germany). Cold isolation medium consisted of 120 mM KCl, 20 mM HEPES (pH 7.4), 2 mM MgCl~2~, 1 mM EGTA, 5 mg/ml BSA, prepared in advance, and cooled at 4°C.

Reagent setup
-------------

The 50 mM NaCl and 0.2 mM FeCl~2~ reagent was freshly prepared by dissolving 730 mg NaCl and 9.94 mg FeCl~2~ in 250 ml distilled water. The reagent must be prepared fresh before use on the day, stored in a cool and dark place, and used within 4 h.

The LCA reagent was prepared by dissolving 19.41 mg 97% LCA in 50 ml heated ethanol and measuring 0, 50, 100, 150, 200 and 300 *µ*l aliquots of 1 mM LCA and bringing to a final volume of 2 ml with distilled water, resulting in 0, 25, 50, 75, 100 and 150 *µ*M solutions, respectively.

The 7.5% (W/V) TCA solution was prepared by weighing 7.50 g TCA in 100 ml distilled water.

The 46 mM TBA reagent was freshly prepared by dissolving 1.3464 g TBA in 200 ml 99% glacial acetic acid, then adding 6 ml of 2% butylated hydroxytoluene. The resulting solution was kept in the dark.

The 2% butylated hydroxytoluene solution was prepared by dissolving 120 mg of 99% butylated hydroxytoluene in 6 ml of 99% ethanol with heating.

Preparation of glioma mitochondria
----------------------------------

With the approval of Institute Ethics Committee and the informed consent signed by the glioma patients or their guardians, the glioma samples were collected. Mitochondria derived from glioma were prepared by a modification of the conventional method of differential centrifugation ([@b20-ijmm-41-06-3195]). Briefly, 3.00 g of glioma tissue in fresh was immediately excised and minced in 150 ml ice cold isolation medium containing 120 mM KCl, 20 mM HEPES, pH 7.4, 2 mM MgCl~2~, 1 mM EDTA and 5 mg/ml BSA. Minced blood-free tissue was rinsed and suspended in the same fresh medium and stirred. The sample was carefully homogenized with a tightly fitted homogenizer: 10,000 revolutions, 10 sec each time, interval of 15 sec, glioma tissue homogenate three times. After homogenization, isolation medium was added to the homogenate and centrifuged at 600 × g for 10 min. The resulting pellets were removed and the supernatant suspension was again centrifuged at 17,000 × g for 10 min. The supernatant was decanted and the pellets were gently resuspended in isolation medium and then centrifuged at 7,000 × g for 10 min. The supernatant was discarded and the precipitated pellets were resuspended in isolation medium, centrifuged at 3,500 × g for 10 min, and the supernatant containing the mitochondrial fraction was collected. All mitochondrial isolation procedures were performed at 0--4°C. The concentration of the mitochondrial protein was estimated using Lowry\'s method ([@b21-ijmm-41-06-3195]) using BSA as the standard (50 mg protein/ml). The mitochondrial suspensions were used within 4 h.

The establishment of a model using UV peak changes to investigate aldehydes formed from lipid peroxidation induced by H~2~O~2~ in glioma mitochondria
-----------------------------------------------------------------------------------------------------------------------------------------------------

A model relating to changes in UV peaks from aldehydes after lipid peroxidation induced by H~2~O~2~ in mitochondria was established using the following procedures. To samples containing 2 ml 50 mM NaCl and 0.2 mM FeCl~2~ was added 0, 0.5, 1.0, 1.5, 2.0 and 2.5 mg/ml of glioma mitochondria and 1.76, 8.80, 17.60, 26.40, 35.20 and 70.40 *µ*M of H~2~O~2~, respectively. Samples of mitochondrial lipid peroxidation at 1, 5, 10, 20, 30 and 40 min were prepared for extraction of aldehydes. Extracted samples (2 ml) were added to 4.3 ml of 7.5% (W/V) TCA, mixed and centrifuged at 5,000 × g for 10 min, then kept at 36°C in a bath for 10 min, centrifuged again at 5000 × g for 10 min and another 4.3 ml of 7.5% (W/V) TCA was added. The aldehyde extract of lipid peroxidation in mitochondria was filtered using 12.50 mm medium speed filter paper for determination. The reaction of the aldehydes in lipid peroxidation with TBA and the formed adducts were determined with spectrophotometric methods ([@b12-ijmm-41-06-3195]). The procedure was performed as described by Ottino and Duncan ([@b22-ijmm-41-06-3195]) with some modifications. The 2 ml sample extract and 1.0, 1.5, 2.0, 2.5, 3.0 and 4.0 ml of TBA reagent were mixed in 4 ml test tubes and heated in a boiling water bath for 15 min. The reaction mixture was chilled and centrifuged at 5,000 × g for 10 min. The absorbance of samples over the wavelength range 400--600 nm was measured using a 2550 UV-visible spectrophotometer, focused on changes in absorbance at 450, 495 and 532 nm using distilled water as a blank, adjustable light transmittance of 100%.

Determination of factors effecting the impact of LCA on the reaction of aldehydes in lipid peroxidation in glioma mitochondria
------------------------------------------------------------------------------------------------------------------------------

The effect of LCA on the reaction of aldehydes in lipid peroxidation in glioma mitochondria was investigated at different LCA concentrations (0, 25, 50, 75, 100 and 150 *µ*M), reaction times (0, 5, 10, 15, 20 and 30 min), and micro environmental pH (3.0, 7.0, 8.0).

Statistical treatment
---------------------

Statistic software Origin 8.0 was used to perform one-way analysis of variance for the experimental data.

Results
=======

UV peaks change in the spectra of aldehydes in lipid peroxidation induced by H~2~O~2~ in glioma mitochondria
------------------------------------------------------------------------------------------------------------

The influence of different mitochondrial concentrations on UV peak changes from aldehydes in the lipid peroxidation model is shown in [Fig. 1A](#f1-ijmm-41-06-3195){ref-type="fig"}. Increasing concentrations of glioma mitochondria showed a commensurate rise in lipid peroxidation. When the mitochondrial concentrations were \>1.50 mg/ml, a trend towards a decrease in lipid peroxidation was observed. There are three peaks that can be observed with a change in mitochondrial concentration; a major peak at 495 nm and two shoulder peaks at 532 and 450 nm. The 532 nm peak is much weaker than the 450 nm peak. All three peaks changed in a concentration-dependent manner, this was seen especially in the main peak at 495 nm. When the mitochondrial concentration was 1.5 mg/ml, all three peaks changed noticeably.

The absorbance curves at 495, 450 and 532 nm with changing concentrations of the glioma mitochondria are shown in [Fig. 1B](#f1-ijmm-41-06-3195){ref-type="fig"}. The 450 and 532 nm curves were similar in shape, the change in the 450 nm peak was greater than the change at 532 nm. The change in the curve at 495 nm, especially at a mitochondrial concentration of 1.5 mg/ml, was much more pronounced than in the other two curves. The results indicate that at a glioma mitochondrial concentration of 1.5 mg/ml, the absorbances at 495, 450 and 532 nm were sensitive, prominent, and significant, particularly the peak change at 495 nm.

The effect of H~2~O~2~ concentrations on the UV peaks from aldehydes in the lipid peroxidation model are shown in [Fig 2A](#f2-ijmm-41-06-3195){ref-type="fig"}. When concentrations were higher than 17.60 *µ*M, the three peaks decreased substantially, this is especially reflected in the peaks at 495 and 532 nm. At low concentrations, the three peaks show an obvious change. In the low concentration range with increasing concentrations, the peak at 495 nm gradually became larger, as did the peak at 450 nm to a lesser extent, and the peak of 532 nm showed the least change. Results indicated that a concentration of 17.60 *µ*M H~2~O~2~ leads to three substantial changes in UV peaks, but the appearance of the peak of 532 nm was not as obvious. While at a concentration of 8.8 *µ*M H~2~O~2~, the size of the three peaks was substantially decreased, but three distinct peaks were observed; therefore, this concentration is more appropriate for use in the glioma mitochondrial lipid peroxidation model. When 8.80 *µ*M is selected as the experimental concentration, the model shows that the major peak at 450 nm changes the most, followed by the peak at 495 nm, and the peak at 532 nm is relatively weak.

Changes in absorbance were accompanied by changes in H~2~O~2~ concentration, as shown in [Fig. 2B](#f2-ijmm-41-06-3195){ref-type="fig"}. When the H~2~O~2~ concentration is low, the three peaks were sensitive to changes in the concentration of H~2~O~2~. The change in the 495 nm peak was the most pronounced; changes in the 450 nm peak were similar to the 532 nm peak, with a greater change observed at 450 nm. Therefore, the peak at 495 nm is the most important indicator to observe apoptosis induction of glioma cells.

The effects over time of H~2~O~2~ on glioma mitochondria with regard to changes in the UV peaks from aldehydes in the lipid peroxidation model can be seen in [Fig. 3A](#f3-ijmm-41-06-3195){ref-type="fig"}. After H~2~O~2~ was added to the mitochondrial suspension, the establishment of lipid peroxidation in glioma mitochondria required an appropriate time. The experimental results show that three distinct peaks are apparent, a major peak at 450 nm, a large shoulder peak at 495 nm and a smaller shoulder peak at 532 nm. At different times, graphs of the three peaks appear similar in shape. When the reaction time is 30 min, the three peaks changed the most noticeably, over this time, the peak change became small. In this case, detection of absorbance at 450 and 495 nm was a sensitive indicator of the effects.

In the initial few minutes after H~2~O~2~ addition to glioma mitochondria, there are some differences in the three absorbance curves, and after 30 min the curves at 450 and 495 nm displayed obvious changes, while the curve at 532 nm was only gradually slightly elevated. After 30 min, the absorbance of the three peaks showed a downward trend, as seen in [Fig. 3B](#f3-ijmm-41-06-3195){ref-type="fig"}.

The selection of the optimum amount of TBA for the reaction with the extracted aldehydes to assess the UV peak changes from aldehydes in the lipid peroxidation model is shown in [Fig. 4A](#f4-ijmm-41-06-3195){ref-type="fig"}. When the amount of TBA increased, three peaks gradually appeared in the UV spectra, first a peak at 450 nm, then 495 nm and finally at 532 nm. When the amount of TBA was low, the three peaks appeared gradually in order, but with low absorbance. When the amount of TBA reached 2.5 ml, the three peaks appeared at the maximum absorbance value and when the amount of TBA was further increased, the peaks tended to become smaller with decreased amplitude. The changes in the three peaks were significant, stable, and sensitive with amounts of TBA from 2.5 to 3.0 ml, but when the amount of TBA reached 2.5 ml, the 532 nm peak was not obvious. All three peaks decreased substantially when the amount of TBA was 4.0 ml.

Changes in the peaks with differing amounts of TBA can be seen in [Fig. 4B](#f4-ijmm-41-06-3195){ref-type="fig"}. No curves changed greatly when the amount of TBA was 2.0 ml or less. Further increases in the amount of TBA resulted in curves with prominent and sensitive characteristics. The curves reached a maximum when the amount of TBA was 3.0 ml, the peaks were especially high at 495 and 450 nm. Above 3.0 ml TBA, each curve declines, but the decline in the 532 peak was not as obvious. Therefore, detection would be most effective when using 4.0 ml TBA.

In conclusion, the conditions established for the glioma mitochondrial lipid peroxidation model were a concentration of glioma mitochondria of 1.5 mg/ml, H~2~O~2~ concentration of 8.80 *µ*M, a time of 30 min for the reaction of H~2~O~2~ with glioma mitochondria, and an amount of 46 mM TBA for optimum reaction with the extracted aldehydes of 4.0 ml. The indices for evaluation in the model were the peak changes at 495, 450 and 532 nm.

Using the above-mentioned conditions for the lipid peroxidation model, the contribution of pH on the changes in the UV peaks from aldehydes in the lipid peroxidation model are displayed in [Fig. 5A](#f5-ijmm-41-06-3195){ref-type="fig"}. In addition to the main peak at 450 nm, there was a large shoulder peak at 495 nm and a smaller shoulder peak at 532 nm. The absorbance of the three peaks at different pH microenvironments is shown in [Fig. 5B](#f5-ijmm-41-06-3195){ref-type="fig"}. With a decrease in pH, the three peaks gradually increased, in particular the peaks at 450 and 495 nm. The results indicate that the three peaks in acidic and alkaline microenvironments are quite prominent, especially in the former. In short, an acidic microenvironment greatly promoted cell apoptosis.

Effect of LCA on changes in aldehyde concentration after lipid peroxidation in glioma mitochondria
--------------------------------------------------------------------------------------------------

Using the above mentioned conditions for the lipid peroxidation model, the effect of LCA concentrations on changes in the UV peaks from aldehydes was investigated and the results are given in [Fig. 6A](#f6-ijmm-41-06-3195){ref-type="fig"}. Under conditions of ≤100 *µ*M LCA, increases in LCA increased the peaks at 495, 450 and 532 nm, in a concentration-dependent manner, especially the peak at 495 nm. A concentration of \>100 *µ*M, led to the peak at 495 nm decreasing, as seen in [Fig. 6B](#f6-ijmm-41-06-3195){ref-type="fig"}. These results show that in the model of mitochondrial lipid peroxidation via measuring an increase in aldehydes, addition of LCA caused further rapid peroxide production to achieve an anti-glioma effect. The LCA antitumor contribution is reflected in the changes in the peak at 495 nm, followed by the peak at 450 nm and with less contribution from the peak at 532 nm. As determined from the peaks from the different aldehydes, LCA increased the amounts of 4-HNE, trans, trans-muconaldehyde, trans, trans-2,4-nonadienal, acrolein, crotonaldehyde and MDA to produce an antitumor effect.

The effects over time of LCA addition on the change in the UV peaks from aldehydes in the lipid peroxidation model can be seen in [Fig. 7A](#f7-ijmm-41-06-3195){ref-type="fig"}. At ≤30 min, LCA elicits three UV absorption peaks, at 495, 450 and 532 nm. The main peak was at 495 nm, followed by a large shoulder peak at 450 nm and a small shoulder peak at 532 nm. The intensity of the three peaks first increased with increasing time and then decreased. As shown in [Fig. 7B](#f7-ijmm-41-06-3195){ref-type="fig"}, after ≤15 min and with time of operation of LCA prolonged, the peaks changed significantly, especially the peaks at 495 and 450 nm. After \>15 min, a downward trend in the peaks can be clearly observed. The results show that when the reaction time of LCA was 15 min, the three peaks displayed the most sensitive and pronounced change, particularly the peaks at 495 and 450 nm, while the change in the peak at 532 nm showed relatively poor sensitivity.

Discussion
==========

LCA is a kind of bile acid. Recently, low concentrations of LCA have been shown to make BE([@b2-ijmm-41-06-3195])-m17 and SK-n-MCIXC cells sensitive to H~2~O~2~-induced death of apoptotic cells, which was regulated by mitochondria. Certain concentrations could make primary cultures of human neurons resistant to death. In the treatment of glioma, research into efficient, hypotoxic drugs which can induce glioma cell apoptosis is of current importance. While the antitumor effect of LCA is just corresponding to it. However, the molecular biological mechanisms of the antitumor effect of LCA is not clear at present. Therefore, research into the antitumor mechanisms of LCA is of great importance to the research and development of anti-glioma drugs. In a recent study, the oxygen radical has been determined to be the most important radical affecting the body ([@b23-ijmm-41-06-3195]). Besides direct damage to the body, the oxygen radical mostly can make the cells, especially the polyunsaturated fatty acids of mitochondrial membrane peroxide, to damage the cytomembrane, as well as affecting the structure and function of the mitochondrial membrane. These effects could lead to energy metabolism disturbance causing damage to the cell functions ([@b24-ijmm-41-06-3195]). Lipid peroxidation can generate unsaturated aldehydes, which are the signaling molecules of the mitochondria. Lipid peroxidation may also activate cell apoptosis pathways, such as Fas/FasL, to induce cell apoptosis ([@b25-ijmm-41-06-3195]). Biologically active α,β-unsaturated aldehydes can be used to detect effects on glioma after development of an appropriate glioma mitochondria model.

A glioma mitochondrial lipid peroxidation model has been successfully established, in which three small peaks from aldehydes appear in the UV spectra after reaction with TBA. This model enables the exploration of the LCA anti-glioma mechanism. Small molecule aldehydes generated in the lipid oxidation process are closely linked to tumorigenesis, development and outcome. Such small molecule aldehydes can lead to the demise of glioma tissues and may have an important research value. After reaction with TBA, these small molecule aldehydes show three characteristic UV absorption peaks at 495, 450 and 532 nm ([@b18-ijmm-41-06-3195]). These results are in accordance with our study and indicate that small molecule aldehydes are the major reaction products in the lipid peroxidation model in glioma mitochondria.

The basis of the glioma mitochondrial model is cell death as a consequence of lipid peroxidation. H~2~O~2~ generated in an aerobic environment leads to toxic levels of DNA damage ([@b26-ijmm-41-06-3195]--[@b29-ijmm-41-06-3195]). Cells are more damaged when exposed to H~2~O~2~ in low concentrations for a long time than for a short time. The mechanism of cell death caused by H~2~O~2~ is through regulation of iron in the mitochondrial inner membrane because cell-permeable iron chelators effectively prevent H~2~O~2~-mediated DNA damage in cells ([@b30-ijmm-41-06-3195]--[@b32-ijmm-41-06-3195]). The role of small molecule aldehydes, such as 4-HNE, in H~2~O~2~-induced cell death remains to be elucidated.

4-HNE, the most cytotoxic aldehyde ([@b13-ijmm-41-06-3195]), is generated in lipid peroxidation by degradation of omega-3-polyunsaturated fatty acids ([@b33-ijmm-41-06-3195]). 4-HNE along with other small molecule aldehydes possesses the capacity to block cell proliferation and lead to cell death in \<60 min ([@b9-ijmm-41-06-3195]). In addition, DNA polymerase, a thiol enzyme ([@b34-ijmm-41-06-3195]), was blocked by the sulfhydryl reactive agents, HNE and acrolein ([@b35-ijmm-41-06-3195]). HNE-GSH adducts display a feedback inhibition on GSH transferases. Unlike ROS, which have been associated with cell proliferation and differentiation ([@b36-ijmm-41-06-3195],[@b37-ijmm-41-06-3195]), aldehydes in lipid peroxidation linger a comparatively long time and can diffuse from the initial site to reach distant targets. These kinds of small molecule aldehydes react with nucleic acids, contributing to mutagenesis and carcinogenesis ([@b38-ijmm-41-06-3195]). Aldehydes are detected based on the formation of aldehydes in lipid peroxidation. The basic process leading to the production of aldehydes is via the β-cleavage reaction of lipid hydroperoxides, more accurately described as lipid alkoxy-radicals ([@b33-ijmm-41-06-3195]). 4-HNE and its dehydration product trans, trans-nonadienal react with TBA to form chromogens absorbed maximally at 530 and 532 nm. Other biologically active α,β-unsaturated aldehydes, including E-2-butenal, acrolein, crotonaldehyde, trans-muconaldehyde also react with TBA, absorbing maximally at 495 nm ([@b18-ijmm-41-06-3195]). These characteristic absorption peaks appear to provide a strong support for the detection of biologically active α,β-unsaturated aldehydes.

These aldehydes bind stably with thiols under acidic conditions, leading to the condensation of the small molecule aldehydes, and participation in the death of glioma ([@b33-ijmm-41-06-3195],[@b39-ijmm-41-06-3195]). Of course, glutathione easily reacts in a neutral environment with α,β-unsaturated aldehydes ([@b40-ijmm-41-06-3195]). The reaction of α,β-unsaturated aldehydes with thiols in an environment of pH ≥7.0 can proceed up to hundred times faster than in an acidic environment, which explains the results observed with LCA in an acidic environment. A concentration of \<0.1 *µ*M HNE may be regarded as a normal physiological level, but at a range of 0.1--20 *µ*M, HNE may attack target thiol proteins and inhibit DNA and protein synthesis within the lipid bilayer ([@b34-ijmm-41-06-3195]). In addition, the effects accompanying cell death in the process of lipid peroxidation include the rapid depletion of glutathione ([@b41-ijmm-41-06-3195]), a decrease in protein thiols ([@b42-ijmm-41-06-3195]), inhibition of DNA, RNA and protein synthesis ([@b43-ijmm-41-06-3195]), and morphological changes. Therefore, the reaction of α,β-unsaturated aldehydes with the thiols in proteins has important significance ([@b44-ijmm-41-06-3195]).

The reaction of MDA with nucleosides has been shown to be promoted by an acidic environment and acrolein, which was the strongest electrophile and showed the highest reactivity with thiols can be formed during lipid peroxidation ([@b45-ijmm-41-06-3195]).

Acrolein, which is highly cytotoxic to cells, reacted approximately over a hundred times faster with GSH than crotonal or HNE ([@b40-ijmm-41-06-3195]). The mechanism of the reaction of acrolein and crotonal with GSH is basically the same as HNE. When acrolein causes rapid depletion of thiols, the thiols in proteins become progressively modified ([@b46-ijmm-41-06-3195]) and then acrolein-treated DNA does not act as substrate for DNA-methylase ([@b47-ijmm-41-06-3195]). Crotonal has much lower toxicity than acrolein. MDA, a low molecular aldehyde is produced from ROS attacking polyunsaturated fatty acids.

In conclusion, the optimum conditions for a lipid peroxidation model using glioma mitochondria have been investigated according to changes in UV peaks at 495, 450 and 532 nm after reaction between TBA and biologically active α,β-unsaturated aldehydes. The optimal conditions determined for the lipid peroxidation model in glioma mitochondria were a mitochondrial concentration of 1.5 mg/ml, H~2~O~2~ concentration of 0.3 mg/ml, a duration of action of 30 min, and addition of 4.0 ml of 46 mM TBA. The model indicators were changes in the peaks at 495, 450 and 532 nm related to aldehydes formed during lipid peroxidation of glioma mitochondria induced by H~2~O~2~. The effect of LCA on the peaks at 450, 495 and 532 nm was greatest when the conditions were an LCA concentration of 100 *µ*M, a duration of action of 15 min, and an acidic microenvironment, according to the mitochondria model. The mechanism of LCA anti-glioma action may be interpreted as regulation and control of the aldehydes represented by changes in peaks at 450, 495 and 532 nm, and the use of the glioma mitochondrial model may be conducive to in-depth research in this topic.

In conclusion, the impact of LCA on glioma was closely related to the production of aldehydes from lipid peroxidation in the glioma mitochondria. The optimum conditions have been confirmed according to changes in the peaks at 495, 450 and 532 nm using a lipid peroxidation model in glioma mitochondria, by means of reactions between TBA and biologically active α,β-unsaturated aldehydes. Mitochondrial modeling in glioma lipid peroxidation was successfully established and the optimal conditions were determined to be a glioma mitochondrial concentration of 1.5 mg/ml, a H~2~O~2~ concentration of 0.3 mg/ml, a duration of action of 30 min, and addition of 4.0 ml of 46 mM TBA. The model indicators were changes in the peaks at 495, 450 and 532 nm related to aldehydes formed during lipid peroxidation of glioma mitochondria induced by H~2~O~2~. The effect of LCA on the peaks at 450, 495 and 532 nm was greatest when the conditions were an LCA concentration of 100 *µ*M, a duration of action of 15 min and an acidic microenvironment according to the newly created mitochondria model. LCA caused increases in peaks at 450, 495 and 532 nm. These three peaks, especially the peak at 495 nm, represent the formation of α,β-unsaturated aldehydes, which could induce glioma cell apoptosis by several pathways. We believe that LCA may induce glioma cell apoptosis by increasing the concentration of α,β-unsaturated aldehydes from lipid peroxidation production in glioma mitochondria. In addition, the glioma mitochondrial model will be conducive to further in-depth research.
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![Time influence of H~2~O~2~ on mitochondria with regard to UV peak changes from aldehydes in the lipid peroxidation model (A). 1, 2, 3, 4, 5 and 6 indicate after 1, 5, 10, 20, 30 and 40 min, respectively (8.8 *µ*M H~2~O~2~, 1.5 mg/ml mitochondria, 4.0 ml TBA). The absorbance curves at peaks of 495, 450 and 532 nm with changing of time were observed (B).](IJMM-41-06-3195-g02){#f3-ijmm-41-06-3195}

![The optimum amount of thiobarbituric acid (TBA) for reaction with the extracted aldehydes. Changes in the UV peaks from aldehydes in the lipid peroxidation model (A). 1, 2, 3, 4, 5 and 6 indicate 1.0, 1.5, 2.0, 2.5, 3.0 and 4.0 ml TBA reagent, respectively. The absorbance peaks at 495, 450 and 532 nm with changing amount of TBA are shown (B).](IJMM-41-06-3195-g03){#f4-ijmm-41-06-3195}

![Contribution of pH related to lithocholic bile acid on changes in UV peaks from aldehydes in the lipid peroxidation model (A). 1, 2 and 3 indicate pH 3.0, 7.4 and 8.0, respectively. The absorbance changes at 495, 450 and 532 nm peaks with pH changes were observed separately (B). Compared with the normal control group, statistically significant difference, ^\*^p\<0.05.](IJMM-41-06-3195-g04){#f5-ijmm-41-06-3195}

![Effect of lithocholic acid concentrations on changes in UV peaks from aldehydes in the lipid peroxidation model (A). 1, 2, 3, 4, 5 and 6 indicate 0, 25, 50, 75, 100 and 150 *µ*M lithocholic acid (LCA), respectively. The absorbance peaks at 495, 450 and 532 nm with changing concentrations of lithocholic acid are shown (B). Compared with the normal control group, statistically significant difference, ^\*^p\<0.05. (20 min, pH 7.4).](IJMM-41-06-3195-g05){#f6-ijmm-41-06-3195}

![The effects over time of lithocholic acid (LCA) addition on the change in the UV peaks from aldehydes in the lipid peroxidation model (A). 1, 2, 3, 4, 5 and 6 indicate 0, 5, 10, 15, 20 and 30 min reaction times, respectively. The absorbance changing curves at 495, 450 and 532 nm with changing reaction times were observed separately (B). Compared with the normal control group, statistically significant difference, ^\*^p\<0.05. (150 *µ*M LCA, pH 7.4).](IJMM-41-06-3195-g06){#f7-ijmm-41-06-3195}
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